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SUMMARY
This thesis decribes a study of the conformations of molecules consisting of a
central C-C, C-N or N-N goup with aromatic (in most cases phenyl) groups
linked to it (for a survey, see table 1.1). This investigation is initiated by an ESR
study of Wiersma c.s. (J.Chem.Phys. 50, 2794-2805) on UV-irradiated tetra-
phenylhydrazine (TPH) crystals, at temperatures between 77oK and 300oK. As
shown by the ESR spectrum on irradiation, the TPH molecules dissociate for
approximately 1o/oo into diphenylamino (DPA) radical dimers. To explain the
ESR spectrum obtained as a function of UV wavelength and of temperature, two
crystallogaphically independent molecules (a and p) were assumed to be present
in the unit cell, The c molecules appeared to dissociate at longer UV wavelengths
than the p molecules, whereas i ts dimers recombine more readi ly at 77oK than
those of the p molecules. This difference in behaviour was tentatively ascribed to
a difference in surroundings of the molecules. To check the assumptions made
and to get a better insight into the intra- and intermolecular interactions, we
have determined the crystal structures of TPH and related compounds by means
of X-ray diffraction.
ln chapter I I  the crystal structure determinations of TPH (20oC, -160oC),
retraphenylerhylene TPE (-160oC) and diphenylamine-triphenylmethane DTM
(-16OoC) are described, Chapter I I I  deals with the ref inement of the crystal struc-
rure of trans-stilbene with X-ray data collected at -160oC, and with the determi-
nation of its structure in the gas phase by electron diffraction at 2B0oC.
Resu-lts of the crystal structure determinations
A survey of the crystallographic data is given in table 2'L, details on the intensity
measurements and the structure refinements are listed in table 2,2 and 2.4
respectively. The packing of the molecules in the unit cell is shown by projec-
tions of the structures: figures 2.1 and 2.2 for TPH, figures 2.3, 2,4 and 2.5 for
TPE, figures 2.6 and 2.7 for DTM and figures 3.9, 3'10 and 3.ll for TSB' Short
intermolecular distances are given in table 2.1'O for TPH (-160oC), in table 2.11'
for TPE and in table 2,12 for DTM.
The conformations of the molecules in the crystals are given by stereo pictu-
res: figure 4.2 for TPH, figure 4.la for TPE and figure 4.5a for DTM. The struc-
ture of the two crystallographically independent centrosymmetric TSB molecules,
which are approximately planar in the crystalline state, is shown in figure 3.13'
Bond lengths, valence angles, dihedral angles and short intramolecular distances
are listed in tables and figures: for TPH in figure 4,3 and table 4.2, for TPE in





The struèture of TSB in the gas phase
The results of the gas electron diffraction study on TSB are summarized in table
3.6. For the torsion angle ó (dihedral ángle between the phenylring.and the
ethylene group, see table 3,3) a value of 31 t 50 has been observed. It must be
rtoted however, that this value has to be interpreted as a (ó2)% valte of the-
molecules in the gas phase, only one of the possible interpretations being that
the phenyl 
"i.S 
have a fixed torsion angle of 31o around 
-the
C(ethylene)-C(phenyl) bond. Most theoretical calculations performed for the TSB
molecule (for a survey, see table 3.2) es well as our ab-initio calcularions for
styrene (called'TSB', see below) indicate a flat energy minimum near ó = 0o,'
which is not in contradiction with the electron diffraction results.
Discussion
ln our, qual i tat ive, discussion of the conformations of the molecules the intra-
molecular Van der Waals interaction between non-bonded atoms has beerr
emphasized. In the central parts of the molecules planar parts of type
X  =  C o r N
Y  =  C o r N
are observed. The valence angles and bond lengths around the central atom are
such that all edges of the triangle indicated are equally short in comparison with
the sum of the relevant Van der Waals radii. There is a large strain in the mole-
cules, many distances between neighbouring phenyl rings are shorter than the
relevant Van der Waals distances, In most cases it aPpears to be possible to
enlarge these distances by increasing the phenyl torsion angles. That this does not
occur suggests the molecule tends to be planar, presumably to maximise the
delocalization energy. Fig. 4.8 shows that the average value of the torsion angles
in a group (phenyl)Gx-C(phenyl) decreases with increasing (phenyl)
C-X-C(phenyl) angle.
tn fpu the twist angfe around the central bond (74.10) is considerably
larger than in TPE (S.4"). This will be due to the relatively'small double bond
charactei of the N-N bond. In TPI the repulsion of the nitrogen lone paii at-
tempts to keep the angle C19-N20-C16 small (see figtre 4.4 and table 4'3). Due
to this, the angle C10-C19-N20 is bended such that the distances between the





approximately equal to corresponding distances in TPE. Substitution of the nitro-
gen lone pair in TPI by an oxygen atom increases both thelength of the central
C-N bond and the value of the angle C19-N20-C16. As a result of this the
bending of the angle C10-C19-N20 is less than in TPL The strain in the DTM
molecule is apparent from the stretching of the single C-C bonds around the
approximately tetrahedrally surrounded carbon atom,
In the discussion of the bond lengths use is made of the results of PPP zr-elec-
tron calculations for the observod conformations of the molecules. Comparison
of calculated and observed bond lengths (tables 4,7 anà 4.8) shows that the ex-
perimental values for the GC(phenyl) or N-C(phenyl) bond lengths are slightly
larger, 0.01. - O,O2 A, than the calculated values. This is ascribed to the fact
that in the molecules considered the Van der Waals repulsion is stronger than
in thc molecules from which the bond length - bond order curve has been
derived.
Ab-initio calculations with a minimum STO-3G basis set havc becu.done on
model compounds for TPI, TPI-O and TSB. Each of the model compounds 'TPI',
'TPI-O' and 'TSB' contains only one phenyl group. Figures 4.12 through 4.L4
show the relation between the energy and the phenyl torsion angle Ó (O = 0o
for a planar molecule). It is seen that for 'TSB' the energy has a very flat mini-
mum around Q= 0o. For 'TPI' and 'TPI-O' non planar conformations are predic-
ted. The calculated ó values cannot directly be compared with those in TPI and
in TPI-O due to the strain Letween neighbouring phenyl rings ig the latter com-
pounds. For 'TSB' we have calculated from the theoretical energyversusÓcurve,
assuming a Boltzmann distribution, which value of <Q2>% is to be expected in
the gas phase at 280oC. The result, 28o, agrees nicely with the results of the
electron diffraction work on TSB.
In the last section (4.5) we have given a discussion of the ESR work done by
Wiersma c.s. using the structural information obtained. As assumed by Wiersma
c.s. the crystal (space group C222) contains two crystal lographical ly indepen-
dent molecules. The N-N directions of these molecules nearly coincide with the
N..N directions of the corresponding radical dimers. The experimentally observed
number of doublets in the ESR specrrum agrees with the observed nur;rber of
molecules in the unit cell: four p molecules on twofold axes parallel to the a axis,
and eight c molecules in a general position. The conformation assumed by Wiers-
ma c.s. for the TPH molecule with phenyl torsion angles of 90o is strongly dif-
ferent from the observed conformation with phenyl torsion angles varying be-
tween 9.7 and 40.50. The two step stretching dissociation mechanism proposed
by Wiersma c.s. is not likely to be correct, as for the present conformation of
the molecules it leads to too short interatomic distances on dissociation.
We tentatively assume that both dissociation and recombination is initiated by
UV light, giving an equilibrium between TPH molecules and DPA radical dimers. With
this assumption, the difference in behaviour of the o and p molecules is due to a
difference in activation energy of the processes involved. Our X-ray study shows












bouring molecules than the p molecules, indicating that rhe packing of the p
molecules is presumably energetically more favorable than that of the o mole-
cules. Detailed calculations giving the difference in energy between the molecules
and between molecules and radical dimers, as well as the activation energies,
could not be carr ied out within rhe scope of this thesis.
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